The Biolog Identification System (Biolog, Inc., Hayward, Calif.) is a new bacterial identification method that establishes an identification based on the exchange of electrons generated during respiration, leading to a subsequent tetrazolium-based color change. This system tests the ability of a microorganism to oxidize a panel of 95 different carbon sources. We report on a preliminary investigation of the ability of the instrument to identify, using its computer-driven enzyme immunoassay reader, a diverse group of clinically relevant members of the family Enterobacteriaceae and gram-negative non-Enterobacteriaceae. The Biolog reported identifications (correct or incorrect) for 266 of 352 organisms tested (75.6%). Of the 266 identifications reported, 87.3% were correct at the genus level and 75.6% were correct at the species level at 24 h. In the total study of 352 strains, 46.6% were correct to the species level at 4 h and 57.1% were correct to the species level at 24 h. The error rate was 10.4% after 4 h and 9.6% after 24 h. The Biolog performed well with many genera, but problems were encountered with some strains of Klebsiella, Enterobacter, and Serratia. We found the system to be versatile and easy to use.
A large number of automated, semiautomated, and manual systems have been accepted by clinical laboratories for the identification of pathogenic bacteria. Most of these systems rely on bacterial growth and subsequent pH-directed color changes to establish an identification. Although these systems generally perform well for identifying most routinely encountered isolates, they are not as good at identifying some important genera such as Acinetobacter, Moraxella, Aeromonas, and Haemophilus, and they do not identify the rare or unusual human isolates and environmental contaminants that may be encountered in the clinical laboratory. The Biolog Identification System (Biolog, Inc., Hayward, Calif.) is a new instrument that establishes an identification based on the exchange of electrons produced during an organism's respiration, leading to a subsequent tetrazolium-based color change. This system tests the ability of a microorganism to oxidize a panel of 95 different carbon sources. Because Biolog panels contain 95 tests instead of the 20 to 30 tests found in most panels, the manufacturer has been able to compile a data base that includes 434 species or groups of mostly gram-negative bacteria.
Biolog's microplates use redox chemistry to colorimetrically indicate respiration of live cell suspensions. All wells are initially colorless. When a chemical in a well is oxidized, there is a burst of respiration and the cells reduce a tetrazolium dye, forming a purple color. A reference well contains no carbon source. The test yields a pattern of purple wells which constitutes a "metabolic fingerprint" of the organism. The microplate reader takes about 5 s to read each tray.
We report on a preliminary study of this system to test its performance limits. more than 10 strains in each of 91 species (Table 1) . Most Enterobacteriaceae were stored at room temperature in nutrient agar stabs; other cultures were maintained at -70°C in sheep blood. The isolates, which consisted of both typical and atypical strains from collections at the Centers for Disease Control (CDC), had been identified by conventional biochemical and serologic techniques (3) (4) (5) (6) (7) . After the study was completed, discrepancies noted between Biolog and conventional identifications were arbitrated by reidentification of the test cultures by using CDC's reference laboratory techniques.
MATERIALS AND METHODS
Biolog Microstation system. The Biolog system consists of a microplate containing 95 different carbon sources and a control well, a turbidimeter, and a computer-driven automatic plate reader. Cultures to be tested were removed from storage, subcultured twice on Trypticase soy agar (BBL Microbiology Systems, Cockeysville, Md.) containing 5% sheep blood, and incubated overnight at 35°C. The inoculum to be used for testing was prepared from the second subculture. The inoculum was prepared by rolling a cotton swab over the agar plate and preparing a suspension in 18 to 20 ml of 0.85% saline to establish the appropriate inoculum density relative to that of the milk of magnesia standard specified by the manufacturer (roughly equivalent to a range of 53 to 58% transmittance or 4 x 108 to 6 x 108 organisms per ml). The resulting suspension was poured into a multichannel pipette reservoir (Costar Corp., Cambridge, Mass. At the 4-h reading, only an "excellent identification" (similarity index, >0.75) is acceptable. If a lower index is obtained, the user is instructed to continue the incubation for 24 h. At the 24-h reading, if the index is below 0.50, the instrument reports "poor identification" or "no identification." If the index is between 0.50 and 0.74 at 24 h, a "good identification" is reported along with a genus and species name. "Excellent identification" is reserved for indices of >0.75. The 10 closest matching species are printed on all reports, although only reports with an index of >0.5 are considered an acceptable genus and species identification. For this study, "correct identification" means the correct genus and species compared with conventional biochemical identification and claimed by the manufacturer in the data base to be identifiable. Salmonella and Shigella species were accepted as "correct," even though the manufacturer claimed to be able to determine Shigella organisms to the species level and group the Salmonella species. 
RESULTS
When an instrument is evaluated in our laboratories, it is subjected to a "stress test" as well as a "weighted laboratory assortment." The stress test consists of hundreds of strains of usual and unusual isolates in proportions likely never to be seen in a routine clinical laboratory. The stress test is designed to test the limits of accuracy of any instrument or method. The weighted test, on the other hand, is one that uses commonly isolated clinical strains in relative proportions likely to be encountered in most laboratories.
In our stress test, Biolog provided a genus and species identification for 266 of 352 (75.6%) organisms tested. Of the 266 identifications reported, 87.3% were correct at the genus level and 75.6% were correct at the species level at 24 h. Tables 2 and 3 list the results of both the 4-and 24-h readings, respectively. In the total study, Biolog correctly identified 46.6% of the organisms to the species level in 4 h and 57.1% of the organisms to the species level in 24 h. The error rate after 4 or 24 h of incubation was 10.4 or 9.6%, respectively. The remaining strains (53.4%) either were prompted by Biolog to be reincubated after 4 h or a report of poor identification or no identification was generated at 24 h (42.9%). In the latter case, the system allows the user to interpret from a similarity list of species that most closely matches the unidentified strain tested, but it does not report an acceptable identification.
The study strains were evaluated on the basis of the fact that they belong to the family Enterobacteriaceae and on the basis of whether the more biochemically active lactose fermenters skewed the error rate. This analysis indicated that all of these categories had approximately the same rates of correct identifications and no identifications. Table 4 shows that the overall performance would have improved if the first choice had been reported regardless of the generated report (P < 0.01). The data on the isolates classed as not identified or poor identification were studied to determine how accurate the instrument would be if the first choice (highest similarity index) were selected by the user (Table 5) . Eighty-six strains were not identified. If the first choice were selected, 45.4% of the unidentified strains would have been correct at the species level, which would have improved the performance of the system. Overall, 79% The results of the 24-h weighted laboratory assortment (Table 6) were not significantly different from those of the stress test (P > 0.2). While the percent that was not identified failed to improve, the choices available were more accurate and could have resulted in an increase in accuracy to the species level at 24 h to 67.7%, which is better than the 52.2% reported. Table 1 presents the species-by-species results of the testing for each of the 91 taxa.
DISCUSSION
Carbon source utilization for the identification of bacteria is not a new technology, but application of this process in a familiar format similar to that of other commercially based identification systems is new (1). Biolog's entrance into the clinical microbiology marketplace is welcome; this system brings with it a potential for characterization of strains not enjoyed by systems whose sole biochemical procedure is built around carbohydrate utilization and pH changes.
Although Biolog appears to work well with some genera, there seem to be certain genera with which consistent problems occur. For example, some Klebsiella spp., Enterobacter spp., and Serratia spp. were so active that most of the carbon sources were utilized, giving too many positive reactions that led to erroneous results. We found, however, that in many cases there was a "time window" of 6 to 8 h of incubation during which the correct genus and species were determined but beyond which the results became inaccurate. Adjustments in test protocols may alleviate some of those problems. The new version of the manufacturer's instructions alert the user to read results for these enteric organisms at 4 h.
We found the visual reading option to be too difficult to judge true + and -wells compared with the very accurate and rapid automated Microstation reader. Generation of a 32-digit biotype number visually from the microtiter plate is time-consuming at best. After a trial of 50 organisms belonging to the family Enterobacteriaceae, we eliminated the The data base of Biolog was built to serve several microbiology disciplines: research laboratories, environmental laboratories, and clinical laboratories. Because of the array of strains in the data base, the potential exists for the slow-growing environmental strains to weaken the similarity indices of the common isolates.
A recent upgrade of the data base, as reported to us by the manufacturer, has resulted in identification by the system of 86.4% of the members of the family Enterobacteriaceae used in this study. Of this percent identified, 79.8% were correct to the species level and 89.9% were correct to the genus level. Of the non-Enterobacteriaceae, 80.4% were identified, 73.2% to the species level and 89% to the genus level.
The Biolog system may have potential for the clinical microbiology laboratory, especially for isolates that are difficult to identify. Further refinements in software are necessary to enable the system, in our hands, to compete with the systems already in the marketplace. The system is not yet ready, nor does the manufacturer intend it, to be used as the primary clinical data instrument for laboratories.
